Effect of glutamine synthesis inhibition with methionine sulfoximine on the nitric oxide-cyclic GMP pathway in the rat striatum treated acutely with ammonia: a microdialysis study.
Ammonia neurotoxicity is associated with overactivation of N-methyl-D-aspartate (NMDA) receptors leading to enhanced nitric oxide and cyclic GMP synthesis and to accumulation of reactive oxygen and nitrogen species. Ammonia is detoxified in the brain via synthesis of glutamine, which if accumulated in excess contributes to astrocytic swelling, mitochondrial dysfunction and cerebral edema. This study was aimed at testing the hypothesis that the activity of the NMDA/NO/cGMP pathway is controlled by the ammonia-induced production of Gln in the brain. Ammonium chloride (final concentration 5 mM), infused for 40 min to the rat striatum via a microdialysis probe, caused a significant increase in Gln (by 40%), NO oxidation products (nitrite+nitrate=NOx) (by 35%) and cGMP (by 50%) concentration in the microdialysate. A Gln synthetase inhibitor, methionine sulfoximine (MSO, 5 mM), added directly to the microdialysate, completely prevented ammonia-mediated production of Gln, and paradoxically, it increased ammonia-mediated production of NOx and cGMP by 230% and 250%, respectively. Of note, MSO given alone significantly reduced basal Gln concentration in the rat striatum, had no effect on the basal NOx concentration, and attenuated basal concentration of cGMP in the microdialysate by 50%. The results of the present study suggest that Gln, at physiological concentrations, may ameliorate excessive activation of the NO-cGMP pathway by neurotoxic concentrations of ammonia. However, in view of potential direct interference of MSO with the pathway, exogenously added Gln and less toxic modulators of Gln content and/or transport will have to be employed in further studies on the underlying mechanisms.